Previous preclinical research suggests that angiotensin system inhibitors may have a direct anti-angiogenic effect that may be synergistic with the currently available angiogenesis inhibitors. In this retrospective study, we reviewed 303 patients with metastatic renal cell carcinoma treated with first-line angiogenesis inhibitors. Our results demonstrate a longer overall and progression-free survival for angiotensin system inhibitor users among patients with treatment-related hypertension. If validated, these results may guide the choice of antihypertensive medication among patients being treated with angiogenesis inhibitors. Background: Research suggests that baseline use of angiotensin system inhibitors (ASIs) improves outcome in patients with metastatic renal cell carcinoma (mRCC), but it remains unknown whether the type of antihypertensive medication used to initiate management at onset of treatment-induced hypertension (HTN) is associated with outcome. We evaluated the association of ASIs and outcome among patients with mRCC treated with first-line tyrosine kinase inhibitors (TKIs). Patients and Methods: We identified 303 consecutive patients with mRCC who were treated with sunitinib or pazopanib in a single university hospital cancer center. Statistical analyses were performed using the Kaplan-Meier method and Cox regression adjusted for known risk factors. Results: Progression-free survival (PFS) and overall survival (OS) were similar among patients with baseline HTN (n ¼ 197; 65%) versus patients with no baseline HTN (n ¼ 106; 35%) (PFS; P ¼ .72) (OS; P ¼ .54). There was a significant difference between patients with treatment-induced HTN (n ¼ 110) versus patients with no treatment-induced HTN (n ¼ 193) for PFS (15.6 vs. 6.4 months, respectively; P < .001) and OS (34.9 vs. 13.9 months, respectively; P < .001). Use of ASIs at baseline (n ¼ 126; 41.6%) had no impact on outcome as compared with patients receiving other antihypertensive medication (n ¼ 71; 23.4%) or with patients with no baseline antihypertensive medication (n ¼ 106; 35.0%). Among patients with TKI-induced HTN (n ¼ 110), however, ASI users (n ¼ 91) demonstrated improved OS (37.5 vs. 18.1 months; P ¼ .001) and PFS (17.1 vs. 7.2 months; P ¼ .004) versus ASI nonusers (n ¼ 19), respectively. Conclusion: Our results demonstrate survival benefit for ASI users among patients with TKI-induced HTN. These results, however, require further validation in a prospective setting.
Introduction
Hypertension (HTN) is a well-known side effect associated with anti-vascular endothelial growth factor (VEGF) therapies in metastatic renal cell carcinoma (mRCC), and numerous studies have reported it as predictive of better outcome for patients treated with tyrosine kinase inhibitors (TKIs).
HTN may also contribute to the development of RCC based on its significantly higher incidence among patients with mRCC. 4, 10, 11 A recent study consisting of patients treated with sunitinib, a standard first-line treatment, suggested that baseline HTN might be associated with better outcome. 12 Angiotensin system inhibitors (ASIs), which are commonly used as antihypertensive agents, have been of great interest in treatment of mRCC-related HTN. Xenograft studies have demonstrated that angiotensin II receptor-deficient mice have reduced angiogenesis and tumor growth rates compared with wild-type mice, 13 and preclinical studies have shown that ASIs possess antiangiogenic potential. [14] [15] [16] In 2010 Dolley-Hitze et al 17 demonstrated that overexpression of angiotensin II receptors (AT1-R and AT2-R) in mRCC correlates with more aggressive tumor behavior and shorter progression-free survival (PFS). Keizman et al 18 were the first to illustrate that baseline use of ASIs may improve PFS in sunitinib-treated patients with mRCC. More recently, in a large pooled retrospective analysis, McKay et al 19 confirmed that ASI users may have an improved survival over ASI nonusers. However, it remains unclear whether choosing ASIs as treatment at onset of therapy-related HTN has beneficial effect on outcome among patients with mRCC. The aim of this study was to examine the potential impact of the use of ASIs on outcome among a large cohort of patients with mRCC treated with first-line TKIs, and to investigate whether the selection of ASIs as anti-HTN agents improve outcome of patients with mRCC as compared with patients treated with other anti-HTN agents (such as b-blockers/Ca-blockers/diuretics).
Patients and Methods

Patients and Treatment
A total of 303 consecutive patients with mRCC were treated with a first-line anti-VEGF agent, of which 267 patients were treated with sunitinib and 36 with pazopanib at the Cancer Center, Helsinki University Central Hospital, between October 18, 2006 and December 31, 2014 . The data collected from the hospital case records included patient demographic features, treatments given, adverse events (AEs), hospitalizations, and outcome data.
None of the patients had received prior TKI therapy. Twentytwo (7.3%) patients had received prior interferon alfa. Both sunitinib and pazopanib were administered according to standard care until disease progression or unacceptable toxicity. Twenty-three percent (n ¼ 59) of the patients started sunitinib with intermittent dosing (4 weeks on-treatment, 2 weeks off-treatment) and 77% (n ¼ 208) with continuous dosing. Pazopanib was administered continuously.
Assessment of Tumor Response and AEs
Response to treatment was assessed by physical examination and computed tomography at 8 to 12 week intervals. Treatment efficacy was reported according to Response Evaluation Criteria in Solid Tumours v. 1.0 (RECIST). 20 AEs were captured every 4 to 6 weeks and were graded according to Common Terminology Criteria for Adverse Events (CTCAE) version 3.0. 21 HTN was graded as follows: Grade 1, transient (< 24 hours), asymptomatic, blood pressure (BP) rise by 20 mmHg (diastolic) or to > 150 mmHg, if previously normal; Grade 2, recurrent, persistent, or symptomatic rise in diastolic BP > 20 mmHg or systolic BP rise to > 150/ 100 mmHg, if previously normal (monotherapy with antihypertensive agents may be indicated); Grade 3, requiring more than 1 drug or more intensive therapy than previously.
Assessment of BP and Use of Antihypertensive Agents
BP was assessed at baseline and at the end of each treatment cycle. The patients were additionally instructed to measure their BP on a daily basis and to contact their physician for systolic BP > 150 mmHg or diastolic BP > 90 mmHg. Baseline HTN was defined based on International Classification of Diseases, Tenth Revision (ICD-10) diagnosis code for HTN in the patient case records or as the use of 1 or more antihypertensive agents prior to treatment initiation. Treatment-induced HTN was defined as recurrent, persistent, or symptomatic rise in diastolic BP of > 20 mmHg or systolic BP rise to > 150 mmHg, if previously within normal range (CTCAE, grade 2). These data were captured from patient case records. The use of antihypertensive medication was obtained from the patient case records before treatment initiation and during follow-up. ASIs included angiotensin-convertingenzyme inhibitors and angiotensin receptor blockers. The baseline use of ASIs and other antihypertensive agents was defined as patients receiving ASIs or other antihypertensive agents prior to treatment initiation. The initiation of ASIs and other antihypertensive agents, as well as dose escalations, as treatment of TKIinduced HTN was considered to have occurred when it was documented on patient case records.
Statistics
In this retrospective study, the patients' characteristics were described overall and by HTN and ASI user status at baseline. The groups were compared using the Mann-Whitney U test for continuous data and the c 2 test for categorical data. The 2 endpoints in the study were (1) overall survival (OS), defined as the time from treatment initiation to death, whatever the cause; and (2) PFS, defined as the time from treatment initiation to the first event (tumor progression or death from any cause). The Kaplan-Meyer method was used to estimate the median survival times with 95% confidence intervals (CIs) for both OS and PFS, censoring the patients who were alive or had no disease progression at the last follow-up visit. The univariate Cox proportional hazards models were used to compare the survival times between groups that were defined according to the HTN and ASI user status. In addition, the multivariate Cox proportional hazard models were performed, and the additional predictors were: number of metastatic sites, prior nephrectomy, Heng risk criteria (Karnofsky performance status less than 80%; diagnosis-to-treatment interval less than 1 year; and abnormal levels of hemoglobin, platelets, neutrophils, or calcium), 22 and treatment-induced HTN. The results are given as nonadjusted or adjusted hazard ratios (HRs) with 95% CIs. Subgroup analysis was performed on patients developing treatment-associated HTN.
Because treatment-associated HTN, and therefore the use of ASIs and other antihypertensive medication, is a time-dependent covariate, a landmark survival analysis with the landmark set at 3 months after date of initiation of anti-VEGF therapy was applied to avoid bias from longer treatment. According to the landmark method, patients with short treatment (ie, less than 3 months) were excluded. PFS and OS landmark analyses included those patients who were alive and had no disease progression before the landmark time point. In the landmark analysis, OS and PFS were defined as the time from the landmark to progression or death from any cause.
Statistical tests were 2-sided, and P-values < .05 were considered as statistically significant. Analysis was performed using IBM SPSS Statistics for Windows (version 23.0; IBM Corp, Armonk, NY).
Results
Patient Characteristics
The study population consisted of 303 patients. Patient characteristics are shown in Supplemental Table 1 (in the online version). The median age was 67 years (range, 22-92 years), and the median follow-up time of patients alive was 53.3 months. Most patients had undergone prior nephrectomy (79.5%), and the majority had RCC with a clear-cell histology (87.2%). Out of the 303 patients, 181 (59.7%) stopped treatment owing to progression, and 95 (31.4%) were without progression (80 for AEs, 15 for other reasons). The remaining 27 patients (8.9%) continued treatment at the time of data cutoff. OS and PFS for the study population were 20.3 months (95% CI, 17.0-23.6 months) and 8.2 months (95% CI, 6.9-9.6 months), respectively. Of the evaluable patients, 5 (1.8%) had complete response, 83 (29.7%) had partial response, 134 (48.0%) had stable disease, and 57 (20.4%) had progressive disease as their best response.
Effect of HTN and ASIs on Outcome
A total of 197 (65%) patients had baseline HTN. Of these, 126 (64%) patients had ASI (angiotensin-converting-enzyme inhibitor or angiotensin receptor blocker) as baseline antihypertensive medication either as monotherapy or in combination with other approved antihypertensive medication.
Patients with HTN and patients with ASI were significantly older compared with patients without HTN and without ASI. There were no statistically significant differences in other patient characteristics. In univariate analysis, there was no significant difference in outcome for patients with baseline HTN versus no HTN at baseline in OS (20.3 To further examine the effects of ASI use on outcome, we divided the patients with TKI-induced HTN (n ¼ 110) into 4 groups according to baseline ASI use and ASI-initiation/dose-escalation during treatment (Table 2 ). With ASI nonusers as the reference group, this subgroup analysis suggests that both OS and PFS are longest among patients who started using ASI as a novel treatment for TKI-induced HTN (OS; P < .001) (PFS; P ¼ .001). Patients who used ASIs at baseline and either had their ASI dose intensified or received other antihypertensive medication as treatment of TKIinduced HTN also had both longer OS (P ¼ .01 and P ¼ .02, respectively) and PFS (P ¼ .048 and P ¼ .06, respectively) when compared with the reference group. Among patients with TKIinduced HTN, ASI users (ASI during baseline and/or during treatment; n ¼ 91) had significantly longer OS of 37.5 months (95% CI, 28.2-46.8 months) versus 18.1 months (95% CI, 14.0-22.2 months; P ¼ .001) and PFS of 17.1 months (95% CI, 9.3-24.9 months) versus 7.2 months (95% CI, 3.7-10.7 months; P ¼ .004) as compared with ASI nonusers (n ¼ 19). These groups were balanced regarding relevant clinicopathologic covariables. Patient characteristics are shown in Supplemental Table 3 (in the online version). A pooled survival analysis of all ASI users versus ASI nonusers among patients with TKI-induced HTN is depicted in Figure 1A and B.
Multivariate Survival Analysis
To investigate the independent impact of different factors on outcome, we performed a multivariate survival analysis adjusted for number of metastatic sites, prior nephrectomy, Heng criteria, and treatment-induced HTN. Because neither HTN nor ASI use at baseline had a statistically significant impact on outcome in the univariate analysis, they were excluded from the multivariate analysis. Owing to the strong positive correlation between treatmentinduced HTN and ASI use during treatment (Cramer's phi ¼ 0.73), only HTN was entered in the analysis. In the multivariate analysis, treatment-induced HTN was statistically associated with both longer OS (adjusted HR, 0.49; 95% CI, 0.35-0.67; P < .001) and PFS (adjusted HR, 0.50; 95% CI, 0.38-0.67; P < .001). We additionally performed a multivariate analysis among patients with TKI-induced HTN. The final model was adjusted for Heng risk criteria and ASI user status. In this analysis, 
Landmark Analysis
To verify whether the early incidence of treatment-induced HTN and ASI use was truly predictive, we performed a 3-month landmark analysis. For this purpose, each patient's HTN status, as well as use of ASIs, was determined within the landmark time point. In this analysis, patients with treatment-induced HTN (n ¼ 81) had significantly longer OS (34.5 months [95% CI, 30.5-38. 5 
Discussion
Our present study suggests that patients treated with anti-VEGF agents may benefit from ASI use as treatment of TKI-induced hypertension. As depicted in Table 2 , patients receiving ASI as novel anti-HTN medication for treatment-induced HTN had the longest OS and PFS. Furthermore, we demonstrate that OS and PFS were significantly longer among patients with treatment-related HTN for ASI users versus ASI nonusers ( Figure 1A and B 19 in a large retrospective analysis. To the best of our knowledge, however, there are no reports on whether the selection of ASIs as treatment at onset of TKI-induced HTN affects outcome. Considering the growing evidence implicating the angiotensin system as a potential factor in the tumorigenesis process, it remains unclear why no statistically significant difference in outcome for baseline ASI users versus ASI nonusers was seen. We hypothesize that the rather small number of patients in our patient cohort might fail to recognize the differences as statistically significant. Additionally, our patient cohort differs somewhat from those used by McKay et el and Keizman et al regarding prior systemic therapy, incidence of treatment-associated HTN, and OS for the whole patient cohort. 18, 19 Lastly, in these studies, ASI use was determined as ASI use at baseline or within 1 month of therapy, which might reflect and correlate to some extent with the onset of TKI-induced hypertension e a well-known predictor of anti-VEGF treatment efficacy. Our data suggests that patients who benefit from anti-VEGF treatment the most also benefit the most from ASI, given that Angiotensin Inhibitors and mRCC statistically significant differences were not seen in outcomes between ASI users and ASI nonusers among patients who did not develop TKI-induced HTN in contrast to patients who did develop HTN during treatment. We hypothesize that this might represent a synergistic effect between anti-VEGF agents and ASIs, because there is evidence showing that angiotensin II plays a role in VEGFdependent angiogenesis. 23, 24 Miyajima et al 25 reported that candesartan alone dramatically prevents development of metastatic lung nodules along with the inhibition of neovascularization and VEGFexpression in a murine RCC model. More recently, in another murine RCC model, telmisartan was shown to potentiate the antiangiogenic effects of sunitinib. 26 Preclinical data suggest ASIs to have anti-tumor and antiangiogenic potential in other cancer types as well. 27, 28 Several studies have reported TKI-induced HTN as a predictor of treatment efficacy. [2] [3] [4] [5] 12, 19 In our analysis, we were able to confirm these findings with TKI-induced HTN having an independent effect on outcome (HR, 0.49; 95% CI, 0.35-0.67; P < .001 and HR, 0.50; 95% CI, 0.38-0.67; P < .001) for OS and PFS, respectively. There was no correlation between baseline HTN and outcome; a result in line with earlier findings.
19
Although the present series was retrospective in nature, it was based on consecutive patients. There are some limitations to our study, however. Our study population represents a heterogeneous group of patients including different histologic variants of RCC treated with either sunitinib or pazopanib. No conclusions regarding other anti-VEGF agents can be drawn. Data were lacking regarding the precise dosing, schedule, and possible discontinuations of ASI use, and we assumed on-label usage of these agents. Additionally, data were lacking regarding why some patients were treated with ASIs and some not. This uncertainty related to ASI selection criteria might represent possible confounding factors (eg, renal dysfunction that were not adjusted for in the analysis). In statistical analysis, ASI use could not be verified as an independent predictor of better outcome in a multivariable model for the entire cohort owing to the strong correlation of treatment-induced HTN and ASI use. Furthermore, the total number of 19 ASI nonusers in the subgroup of patients with TKI-induced HTN is relatively small.
Conclusions
We conclude that the present data demonstrate both a prolonged OS and PFS for ASI users over ASI nonusers among patients with treatment-related HTN in a large cohort of patients with mRCC. In recognition of the limitations of the present series and the fact that ASI use could not be verified as an independent predictor of outcome for the entire cohort due to strong correlation of ASI use and TKI-induced HTN, further studies investigating ASIs in this setting are warranted to confirm our findings. However, should these results be validated in a prospective setting, in the absence of contraindications, selecting ASIs as a first anti-HTN agent might offer a survival benefit as well as feasible management of TKI-induced HTN in patients with mRCC.
Clinical Practice Points
HTN is a class effect of anti-VEGF agents used in the treatment of mRCC. 
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